Subterranean termites are considered to be one of the most destructive termites in urban areas in Pakistan. Different types of insecticides have been used to control subterranean termites. The present studies were conducted to evaluate the comparative persistency and effectiveness of Termiban (imidacloprid 5 SC) and Chlorpyrifos (40 EC) against subterranean termites in the three type of soils (sand, silt and clay) at different time interval. Two different concentrations (100 and 200 ppm) of selected insecticides were prepared and applied to soil in petri plates and termite were released at different time interval to record mortality. Results showed that at each time interval and concentration, mortality of termite was non-significantly different for both insecticides. When persistency of insecticides was tested under closed condition, results showed that lowest weight loss (8.60%) of wood was observed in Termiban treated soil at 200 ppm which was significant different from rest of the treatments. Similarly, under open conditions, at each time interval, there was significant more mortality of termites in soil treated with Termiban compared to Chlorpyrifos.
Introduction
Soil barrier is an effective mean to arrest march of termites towards valuables in household and buildings (Nunes & Nobre, 2001; Ahmed et al., 2006; Ahmed & Qasim, 2011) . Besides other non-chemical materials, insecticides such as chlorpyrifos, bifenthrin and fipronil have been commonly advocated for pre-or post-construction barriers in the soil (Aihetesham et al. 2018) . Chlorpyrifos in generic form Termikill and several other trade names or brand such as Dursban, Boimax, and Larsban has been extensively used as termiticide for the last two decades in Pakistan (Manzoor & Pervez, 2014 , Sohail et al. 2015 . Later fipronil (Regent 5% SC) was introduced as non-repellent termiticide along with bifenthrin (Biflex TC) as repellent termiticide and these two are popular with constructors (Manzoor et al., 2012; Saljoqi et al. 2014) .
Insect IGRs such as fenoxycarb, hexaflumuron, flufenoxuron, sulfarmide and diflubenzuron reported elsewhere as ingredient in a termite bait (Kakkar et al., 2018) are not popular as a soil application in Pakistan, though few laboratory studies have been conducted to determine efficacy against one important species of pesttermite, Heterotermes indicola (Isoptera: Rhinotermitidae) (Misbah-ul-Haq et al., 2015; Misbah-ul-Haq & Khan, 2015) . Now a days, newer chemicals such as imidacloprid and fipronil are gaining acceptance as termiticides compared to pyrethroids and organophosphate insecticides (Haverty & Sunden-Bylehn, 2000) . Imidacloprid has been popularized for long term protection in terms of Perimeter Protocol owing reduction of active ingredient use for this purpose and inherently provision of advantage to reduce potentials for exposure to applicators and residents alike (Reid et al., 2002; Hendersen et al., 2016) . It has proven to provide residual control of termites ranging from 5 to more than 10 years in Japan, North America, South Africa and Australia (Byron et al., 2002) . Recent infestation of termites belonging to family Termitidae and Rhinotermitidae is the result of overwhelming urbanization in Pakistan demands protection of structures from termites with chemicals having persistency and efficacy. Keeping the importance of imidacloprid, the current experiment was performed to determine comparative persistency and effectiveness of Termiban (a new formulation of imidacloprid 5 SC) and chlorpyrifos (40 EC) against subterranean termites in the soils. 
Collection of termites
Subterranean termites were collected from non-vegetated agricultural fields around Entomological Research Laboratories (ERL), PARS, Jhang Road Faisalabad by using underground traps. Traps were consisted of polyvinyl chloride (PVC) pipes having 60 cm length and 10 cm diameter which were buried in the soil with the top 2cm above the soil. A roll of 100g moistened, corrugated card board was placed inside the pipes and were capped. Polythene bags were used to transfer infested cardboard rolls with termites to the laboratory (Ahmed et al., 2006) .
Efficacy of termiticides
Three different types of soils (sand, loam and clay) were collected and sieved to remove debris and were sterilized in an Autoclave. A total of 10g of each soil was placed in petri plates separately and distilled water was used to moisten the soil. Two concentrations (100 and 200 ppm) of each imidacloprid (Termiban 5% SC) and chlorpyrifos (Chlorpyrifos 40EC) were prepared using distilled water. Five millimeters of each concentrations were used to treat soil in petri plates. A total of 100 workers and 10 soldiers of termites were exposed to the soils and data on mortality of termites were recorded after 2, 4, 6, 8, 10 and 12 weeks. A set of petri plates having soil were also treated with distilled water only to serve as control treatment. The test was replicated three times by using Completely Randomized Design (CRD).
Persistency of termiticides under closed conditions
Two concentrations of both imidacloprid and chlorpyrifos were sprayed on the surface of the prepared plots (0.6×0.3 m dimension) and covered with PVC sheets under two factorial Randomized Complete Block Design (RCBD). Concrete of 8 cm thickness was poured on PVC sheet leaving the area around PVC pipes. PVC sheets were removed from inside the PVC pipes. Wood blocks of Populus deltoids (2x3x5 cm) were placed inside the PVC pipes that were capped. Data regarding wood weight loss were recorded after 4, 8, 12, 16, 20 and 24 weeks.
Persistency of termiticides in open conditions
The experiment was conducted in selected buildings of different farm houses. Three farm buildings were selected and chemicals applied at maximum field recommend rates. First room was treated with imidacloprid; second room with chlorpyrifos and third was kept as control. After 8, 16 and 24 weeks, soil was taken at the depth of 15 cm and bioassay was performed in the laboratory by exposing 100 termite workers and 10 soldiers to the soil in petri plates having 10 g of soil each.
Statistical analysis
Corrected mortalities were calculated from Abbot's formula (1925) . Interaction of concentrations time and soils in experiment No. 1 were found from three-way ANOVA. Weight loss differences were calculated from three Way ANOVA while differences in mean moralities in experiment No. 3 were analyzed by One-way ANOVA at P<0.05.
Results
Efficacy of two concentrations (100 and 200 ppm) of imidacloprid (Termiban 5% SC) and chlorpyrifos (Chlorpyrifos 40EC) in three different types of soils (sand, loam and clay) were determined after 2, 4, 6, 8, 10 and 12 weeks after exposure of termites. At each time interval, interaction of concentrations in three different soils in terms of mortality of termites was found to be non-significant (P>0.05) at different time intervals (data not shown).
Weight losses of wooden stakes when persistency of insecticides was tested under closed condition is shown in Table 1 . Termiban and chlorpyrifos at 100 ppm had non-significant difference between each other at each time interval. Weight losses in Termiban and chlorpyrifos treatments were significantly different at 4, 8 and 12 weeks after exposure and beyond this time period, weight losses in both the termiticides treated soils at 200 ppm had significant difference (p>0.05). Lowest weight loss (8.60%) was observed in Termiban treated soil at 200 ppm which was significant different from rest of the treatments.
Discussion and Conclusions
Termiban and chlorpyrifos showed significant difference in mortalities of termites in soil sampled at three time period after application in open conditions. At each time interval, there was significant more mortality of termites in soil treated with Termiban as compared to the soil treated with Chlorpyrifos. Chlorpyrifos showed significant increase in morality at 24 th week sampled soil as compared to other two-time intervals. However, Termiban maintained a relatively constant effect on termites and mortalities were in narrow range at three time periods (Figure 1 ). The present studies revealed that Termiban is an effective termiticide and can be comparable with popular and commonly available Chlorpyrifos 40 EC which has been used generally in the past until recently. Chlorpyrifos 40 EC at 1 -2 Liter per 140 ft 2 is recommended by household pest operator in Pakistan. Chlorpyrifos is also reference insecticide and is usually included in bioassay for comparison with other intended termiticide (Ahmed et al., 2006; Ahmed et al., 2017; Ahmed & Qasim, 2011; Manzoor et al., 2012; Saljoqi et al., 2014; Manzoor & Pervez, 2014 , Sohail et al., 2015 . Chlorpyrifos still holds effectiveness against all kinds of termites in and around structures and in agricultural fields as well, while countries, like Europe and USA, have now superseded its uses (Haverty & Sunden-Bylehn, 2000) . Laboratory trials showed termites' mortality from chlorpyrifos treated soil in just 24 hours which is species specific and concentration dependent (Manzoor & Pervez, 2014; Misbah-ul-Haq et al., 2015; Misbah ul Haq & Khan, 2015) . Chlorpyrifos is repellent termiticide and prevent termites' movement in soil and thus limit access to food which causes mortality (Ahmed et al., 2015) . Chlorpyrifos is being reassessed in a number of countries including the European Union, New Zealand, and the USA.
Previously, imidacloprid has been successfully used to achieve structural protection (78.6%) with only a single, follow-up 'spot' application (Reid et al., 2002) . In some other studies, topical application of the insecticides on the termites showed the following order of efficacy: chlorpyrifos > bifenthrin > flufenoxuron > thiamethoxam > imidacloprid (Ahmed et al., 2006) . The latter may appear slow acting termiticide (Rasib et al., 2018) , nevertheless, contact was once and residual action is not perceived in topical application. However, in another study, Rasib et al. (2017) found imidacloprid to be is more toxic than fipronil based on LC50 values. Since imidacloprid has been established as an effective termiticide either as barrier or bait application against termites (Iqbal & Evans, 2018) , replacement of chlorpyrifos with imidacloprid is therefore concluded. 
